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Abstract 
Within the project ENEREED reeds from the Lake Neusiedl in Austria is examined as energy resource for thermal 
utilization. The aim of the project is to investigate methods for thermal conversion technologies as well as develop 
pre-treatment technologies for using reed as cheap, locally available and renewable feedstock. This paper presents the 
investigations and experimental results of thermal utilization of reed in a 3 MWth commercial district heating plant 
dedicated for combustion of wood chips. The results of the fuel analysis show that reed is a high quality straw-type 
biomass with an ash deformation temperature of over 1400°C. Chopped reed were mixed with wood chips in various 
ratios and fed into the heating plant. The results show that the higher sulphur and chlorine content in reed causes a 
higher SO2 (25 ppm) and HCl (1.6 ppm) content in the flue gas. However, with higher ratios of reed in the feedstock 
no increasing of dioxins or heavy metals could be measured. At the end of the experiment a short run with pure reed 
was carried out. The experiments show that chopped reed is difficult to feed alone, which would requires a specific 
feeding system, but it was proven that reed is a suitable feedstock for commercial district heating plants. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of ICESD 2012. 
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1. Introduction 
Climate change is still under discussion and measures have to be taken to avoid a further increase of 
greenhouse gases in the atmosphere. The United Nations presented in 2004 [1] that the world population 
will rise to almost 8.9 billion by 2050. Rising prosperity, especially in India and China, is causing an 
increase in energy consumption in the future. The Intergovernmental Panel on Climate Change (ICPP) 
prognoses in the fourth assessment report 2007 [2] an increase of the earth surface temperature between 
1.1 and 6.4 °C until 2100, depending on the CO2 content in the atmosphere. In the last years, the 
European Union has been supporting biomass as renewable energy source to reduce the CO2 emissions. 
Within the project ENEREED, Vienna University of Technology together with the University of Applied 
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Sciences Burgenland works on possibilities for the thermal utilization of reed. Around the Lake Neusiedl, 
near to Vienna, Austria, a high amount of reed grows each year (up to 22,000 to/a [3]) but only a small 
part is currently used. Normally, reed is used in the building industry as roof or insulation material [4]. 
One of the main purposes of the project ENEREED is the extension of feedstock portfolio for district 
heating plants or for other heating devices e.g. as additional fuel in cement industry. This would offer 
more flexibility and would give economic advantages for operators of such plants. Reed is one of the 
most widespread plants in the world. A reed stock of about 100,000 km² ca be found worldwide, thereof 
3,000 km² in Europe [5]. Table 1 shows some of the largest reed stocks. 
Table 1. Worldwide resources of reed 
Country Area [km²] Literature source 
Sowjet-Union 55,000 Rodewald-Rudescu, 1974 [5] 
China 8,540 Gamauf, 2000 [3] 
Danube Delta 2,000 Rodewald-Rudescu, 1974 [5] 
Poland 600 Rodewald-Rudescu, 1974 [5] 
North Korea 300 Rodewald-Rudescu, 1974 [5] 
South Korea 200 Rodewald-Rudescu, 1974 [5] 
Hungary 262 Rodewald-Rudescu, 1974 [5] 
Austria – Lake Neusiedl 60 Brunner, 2008 [6] and Gamauf, 2000 [3] 
1.1. Properties of reed 
Reed is a fast growing plant and belongs to the family of the sweet grasses [4]. It is found in wetlands 
or in standing, shallow water. The reed plant can be divided in rhizome, underwater stem and over water 
stem, see Fig. 1(a). Furthermore, a picture of reed plants can be seen in Fig. 1(b). 
 
 
Fig. 1. (a) Structure of reed, (b) Picture of reed plants 
The rhizome fixes the stem to the ground, filters the nutrients out of the water and is important for the 
growth. The stem of reeds around Lake Neusiedl can grow up to 4 m in height whereas other in other 
regions reeds can grow up to 8 m in height. The underwater stem has plenty of adventitious roots to 
supply the plant with water. For thermal utilization only the over water stem is suitable. 
2. Test facility 
A flowsheet of the district heating plant, which was used for the investigations, is shown in Fig. 2. 
Biomass - in this case different mixtures of reed and wood chips - is burned with air in the conventional 
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grate combustor. On an inclined stationary stair grate the biomass is combusted in three different zones. 
In the first zone, biomass is dried and devolatilzed. In the second zone biomass is burned and the third 
zone is important for complete combustion so that the carbon content in the remaining ash is very low.  
 
Fig. 2. Flowsheet of the 3 MWth district heating plant in Güssing, Austria 
To control the combustion temperature as well as the emissions in the flue gas, secondary and tertiary 
air is blown into the combustion chamber. Flue gas is recirculated to ensure low emissions (especially 
NOx-emissions) and to enable half-load operation. After the combustion chamber the hot flue gas is led 
through a tube bundle heat exchanger to supply the heat to the local district heating system. The heating 
plant supplies the heat to over 250 local consumers. Before the flue gas leaves the plant via the chimney, 
it is cleaned with a multi-cyclone and an electrostatic precipitator. The sampling point for analysis of the 
composition of the flue gas is located between the multi-cyclone and electrostatic precipitator as shown in 
Fig. 2. 
3. Experiments and results 
3.1. Characterization of the fuels 
Reed was analyzed before it was used as feedstock in the district heating plant. Table 2 shows the 
results of the fuel analyses compared to typical values for straw and wood. The Table shows that reed fit 
very well to straw type biomass with respect to the elemental analysis. The ash softening temperature is 
much higher compared to straw and even higher than those for wood fuels. This high ash melting 
temperatures are because of the high calcium content in the ash. Generally, reed can be classified as good 
quality straw-type biomass. 
Table 2. Fuel analysis of the reed samples 
 unit reed straw [7] wood [7] 
water content, raw wt % 12.43 ± 0.98 - - 
ash content, db wt % 7.47 ± 2.04 4.8 – 12.2 0.5 – 2.0 
carbon content, db wt % 45.48 ± 1.21 42.5 – 47.5 47.1 – 49.8 
hydrogen content, db wt % 5.84 ± 0.18 5.1 – 6.0 6.1 – 6.3 
oxygen content, db wt % 40.52 ± 0.96 39.1 – 43.8 43.2 – 45.2 
nitrogen content, db wt % 0.47 ± 0.11 0.42 – 1.11 0.13 – 0.54 
sulphur content, db wt % 0.07 ± 0.02 0.082 – 0.27 0.045 – 0.015 
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chlorine content, db wt % 0.15 ± 0.05 0.19 – 0.81 0.004 – 0.006 
ash deformation temperature °C 1409 ± 64 839 – 1336 1283 – 1426 
lower heating value kJ/kg 16187 ± 401 15800 – 17700 18400 – 18800 
3.2. Combustion experiments and results 
The test facility is a 3 MWth heating plant and it is connected to a local district heating system with 
over 250 industrial as well as private consumers. The presented gas components were measured at the 
sampling point shown in Fig. 2. Rosemount NGA 2000 analyzers were used to measure CO, CO2, NO, 
NO2, SO2 and O2 in the flue gas. For the measurement of organic bound carbon (Corg) a flame ionization 
detector (FID) was used. The content of dioxins, furans, heavy metals, dust, HCl, and HF were 
discontinuously measured. All components were measured according to the waste incineration regulations 
[8] valid in Austria. The emission limits in this regulation (shown in last column in Tab. 3) are much 
more stringent than those for wood combustion systems. Figure 3 and table 3 presents the gaseous 
emissions dependent on the ratio (in wt-%) of reed in the feedstock. In Fig. 3 the SO2 and HCl content is 
increasing with increasing reed ratio in the feedstock as the sulphur content as well as chlorine content is 
higher in reed than wood chips. The NO content in the flue gas shows no significant influence of the 
feedstock. 
             
Fig. 3. a) NO concentration-, b) SO2 concentration-, c) HCl concentration in the flue gas  
This is because combustion temperature influences the concentration of NO as well as the nitrogen 
content. However, all the emissions are below the legislation limits for waste incineration in Austria, 
which is in good agreement with European legislation limits. All measured emissions shown in Fig.3 and 
Table 3 are calculated referred to an oxygen content of 11.0% in the flue gas. The results show, that the 
emissions especially dioxins and furans are very low. 
Table 3. Operation and measurement data from the experiments 
system data unit 0% reed 30% reed 50% reed limit
† for half-
hour average [8]
power kW 2800 2660 2630 - 
combustion temperature °C 880 836 934 - 
flue gas temperature °C 202 205 206 - 
CO2 content, db vol % 8.37 8.89 9.20 - 
Corg content, db mg/Nm³ 1.4 3.8 0.9 10 
HCl content, db mg/Nm³ 1.0 1.7 2.1 10 
SO2 content, db mg/Nm³ 11.6 20.3 34.1 50 
NO and NO2 content as NO2, db mg/Nm³ 340‡ 259 288 300 
 
† This limit would be for a heating plant using only reed as feedstock up to 2,000 kg/h. 
‡ This value fulfils the legislative emission limit for wood combustion (ref. to 13 % O2). 
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CO content, db mg/Nm³ 38.1 37.8 17.9 100 
Hg content mg/Nm³ 0.0004 0.0004 0.0004 0.05§ 
Ȉ Cd, Tl mg/Nm³ 0.006 0.007 0.007 0.05c 
Ȉ Sb, As, Pb, Cr, Co, Cu, Mn, Ni, V, Sn mg/Nm³ 0.489 0.127 0.165 0.5c 
dioxins and furans mg/Nm³ 0.0276 0.0092 0.0307 0.1 
Only the nitrogen oxide content is in the near of the legislative emission limit. After the experiments 
with mixtures of reed and wood chips, a short run with 100% reed was carried out, but it came to feeding 
problems during the run. The hydraulic push floor, which transports the fuel from the bunker to the 
combustion chamber, blocked since it has been designed for feeding of wood chips. It would be necessary 
to adapt the feeding system if 100% reed should be used. 
4. Conclusion 
The fuel analysis results show, that reed can be classified as good quality straw-type biomass. Several 
values are in the near of woody biomass (cf. Table 2). The ash melting temperature for reed is even higher 
than those for typical woody biomass. This is due to a high calcium content in the ash. Generally, reed 
has a high ash content, which has an adverse effect to the energy density. The results of the combustion 
experiments show, that reed is a suitable feedstock for conventional biomass heating plants. Up to 50 
wt% reed mixed with wood chips no problems occured, neither at the feeding system nor at the flue gas 
emissions. If only reed should be used in a heating plant, it would be possible to adapt the feeding system 
for light, fibrous materials. Reed can offer a cheap and renewable energy resource and can expand the 
fuel portfolio for heating plants. 
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